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Abstract 

Background: While more and more open procedures now routinely performed using laparoscopy, minimally invasive 
pancreaticoduodenectomy (MIPD) remains one of the most challenging abdominal procedures. Therefore, we carried out 
this meta-analysis to evaluate whether MIPD is safe, feasible and worthwhile. 

Methods: ?ubMed, EMBASE, and Cochrane Library were searched to identify studies published between January 1994 and 
November 2013 comparing IVIIPD with open pancreaticoduodenectomy (OPD). Intraoperative outcomes, oncologic safety, 
postoperative complications, and postoperative recovery were evaluated. 

Results: 1 1 retrospective studies representing 869 patients (327 MIPDs, 542 OPDs) were included. IVIIPD was associated with 
a reduction in estimated blood loss (MD -361.93 ml, 95% CI -519.22 to -204.63 ml, p<0.001, P = 94%), wound infection 
(OR 0.41, 95% CI 0.22 to 0.78, p = 0.007, 1^ = 0%), and hospital stay (MD -2.64 d, 95% CI -4.23 to -1.05 d, p = 0.001, 
1^ = 78%). However, it brings longer operative time (MD 105 min, 95% CI 49.73 to 160.26 min, p<0.001, 1^ = 93%). There 
were no significant differences between the two procedures in likelihood of overall complications (p = 0.05), pancreatic 
fistula (PF) (p = 0.86), delayed gastric empting (DGE) {p = 0.96), positive surgical margins (p = 0.07), retrieval of lymph nodes 
(p = 0.48), reoperation (p = 0.16) and mortality (p = 0.64). 

Conclusions: Oux results suggest that MIPD is currently safe, feasible and worthwhile. But considering the selection bias, 
complexity of MIPD and lack of long-term oncologic outcomes, we suggest it be performed in a high-volume pancreatic 
surgery center in selected patients. 
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Introduction 

Laparoscopy has become widely accepted in many intra- 
abdominal surgeries and has proved to be beneficial to patients 
in terms of postoperative recovery, reduction of complications and 
hospital stay [1-5] on various occasions. And laparoscopic 
cholecystectomy has even become the gold standard for surgical 
removal of the gallbladder. Even though, MIPD is still not 
universally practiced, because the complexity of the procedure has 
questioned the safety and advantages over its open counterpart. 
With the maturation of surgeons' laparoscopic skills and advances 
in technology, including surgical robotics, MIPD now received 
more interest. 

In recent years, a large number of single-institution series of 
MIPD have been performed and a variety of studies have been 
reported [6-10]. However, there is currently no powerful evidence 
that informs the advantages of using laparoscopy over conven- 
tional OPD. 



The purpose of our study is to critically evaluate whether 
MIPD, including laparoscopic and robot-assisted laparoscopic, is 
safe, feasible and worthwhile. Therefore, we carried out a 
systematic review of the literatures and a meta-analysis of MIPD 
vs OPD to evaluate the intraoperative outcomes, postoperative 
complications, postoperative recovery, and oncologic safety. To 
our knowledge, this meta-analysis is the first to expound this 
important issue in different subgroups. 

Methods 

A systematic review was conducted according to a prespecified 
protocol based on guidance from the Centre for Reviews and 
Dissemination [1 1] and the Cochrane Handbook [12]. The review 
is reported on the basis of the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta- Analyses) guidelines [13]. 
We defined MIDP as: using laparoscopy or robot to complete 
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resection of the head of pancreas and duodenum, as well as 
reconstruction of digestive duct's continuity. 

Eligibility Criteria 

Eligibility criteria for all included studies were: (1) meeting the 
definition of MIPD; (2) comparing MIPD with OPD [acceptable 
study designs were prospective controlled triads (CTs), cohort 
studies, and case control studies]; (3) reporting at least one of the 
outcomes of interest, such as: intraoperative outcomes, oncologic 
safety, postoperative complications, and postoperative recoveries. 

No limits were placed on publication status or language. 
Translators were consulted as necessary. We excluded studies with 
any of the following: (1) nonhuman subjects; (2) it was impossible 
to extract appropriate data from the published articles; (3) there 
was considerable overlap between authors, institutes, or patients in 
the published literatures. 

Search Strategy 

In accordance with the prespecified study protocol, PubMed, 
EMBASE, and Cochrane Library were systematically searched 
with the assistance of 2 independent reviewers (Gang Pan and 
Yiyang Zhao) from January 1, 1994 (the year MIPD first reported) 
to November 1 7, 20 1 3(the day we completed the literature search). 
The prespecified seart:h terms were grouped in 3 areas: the 
"minimally invasive" terms (minimally invasive/laparoscopic/ 
laparoscopy/ robotic/Da Vinci/robotic-assisted/laparoscopic-as- 
sisted), the "open" terms (open/conventional), and the "pancre- 
aticoduodenectomy" terms (pancreaticoduodenectomy/ Whipple/ 
duodenopancreatectomy/pancreatectomy /pancreatic). 

Study Selection 

The study selection process took place in 2 consecutive steps. In 
Phase 1 , a manual selection of the potentially relevant articles was 
performed by scanning their title and abstract. In Phase 2, the full- 
text versions of articles selected in Phase 1 were assessed. Two 
reviewers (Qiang Liu and Jinhai Gou) independently evaluated all 
retrieved articles using prespecified eligibility criteria. In case of 
disagreement, a consensual decision was made. 

Data Extraction 

Two reviewers (Gang Pan and Yiyang Zhao) extracted data 
from all selected studies in RevMan 5.0 software independently. 
The same consensus process mentioned above was used to resolve 
disagreements. The data extracted included year of study 
publication, study country, study type, patient demographics, 
definitions of PF&DGE, conversion rate, intraoperative outcomes, 
oncologic safety, postoperative complications, and postoperative 
recovery. If possible, the first or corresponding author was 
contacted to obtain supplementary information when there were 
missing data or inaccuracy in the information. If the author failed 
to respond, the study was excluded from the outcome analysis. 

Quality Assessment 

The quality of the studies was assessed by using the Modified 
Newcasde-Ottawa Score [14], which allocates a maximum of 9 
points each to patient selection, the comparability of the two 
groups (MIPD and OPD), and outcome assessment. Two authors 
(Han Qin and Jianguo Qiu) examined the studies independendy. 
The same consensus process mentioned above was used to resolve 
disagreements. 



Statistical Methods 

This meta-analysis was performed in line with recommenda- 
tions from the Cochrane Collaljoration [1,5] and the Quality of 
Reporting of Meta-analyses [16] guidelines. The statistical 
software Review Manager version 5.0 (The Cochrane Collabora- 
tion, Oxford, United Kingdom) was used to perform all statistical 
analyses. I^ values were used for quantification of statistical 
inconsistency, defined as the percentage of variation between 
studies due to heterogeneity [17]. And a value exceeding 50% was 
considered to represent significant heterogeneity. A random-effects 
model was used to report the results of heterogeneous data, 
otherwise a fixed-effects model was used. Continuous variables was 
conducted with the Inverse- Variance statistical method by using 
weighted mean difiference (MD), and dichotomous variables were 
analyzed with the Mantel-Haenszel statistical method using odds 
ratio (OR) as the summary statistic, and both were reported with 
95% confidence intervals (CI). Funnel plots were constructed to 
detect and assess publication bias and any associations between 
treatment estimates and sample size. Forest plots were constructed, 
and the value of P<0.05 was considered to indicate statistical 
significance. 

Results 

The literature search yielded 649 studies initially. No other 
eligible studies were found from other sources. In phase 1 of the 
study selection process, 19 potential eligible articles were included 
for a full-text version after screening their titles and abstracts. Of 
these, we excluded 5 [18-22], because they were reviews of MIPD. 
Nakamura M et al [23] was excluded for it was a meta-analysis of 
laparoscopic pancreatic resection vs open pancreatic resection. 
Gumbs AA et al [24] was excluded because the data was not 
extractable and the authors could not be reached to provide 
additional information. Another study [25] in which no compar- 
ison was found was also excluded. Finally, this left a total of 1 1 
studies [26-36] representing 869 patients for inclusion in the meta- 
analysis. The PRISMA flow chart of literature search strategies is 
illustrated in Figure 1. 

Study Characteristics 

Characteristics of included studies are presented in Table 1. AU 
eleven were retrospective studies of variable quality that compared 
consecutive cases of MIPD with either consecutive or matched 
OPD performed during the same period. They were varied with 
respect to age, gender, body mass index (BMI), American Society 
of Anesthesiokjgists (ASA) score, and operation indication. For 
example, Buchs NC et al [36] reported that the ASA score was 
2.5±0.5 in the MIPD group, while it was 2.15±0.7 in the OPD 
group (p = 0.01). And the percentage of patients with pancreatitis 
was 3.36% in tiie MIPD group, while it was 6.83% in the OPD 
group. Most of the referred studies used the definitions from 
ISGPF&ISGPS [37,38] to define pancreatic fistula and delayed 
gastric emptying, but some might use the others like the definition 
from Sue B et al [39]. AU the conversions were included in the 
MIPD group. The majority of cases were performed for 
malignancy, but no report of long-term oncologic result. In most 
cases, the selection criteria for patients to undergo MIPD were not 
reported. 

Quality Assessment 

Evaluation of methodological quality based on the Cochrane 
risk of bias tool was not performed, because there was no RCT. 
However, we used the Modified Newcastle-Ottawa Score instead. 
The quality of the studies was evaluated by examining three 
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Articles yielded from 
database for title and abstract 
N=649 



Articles after duplicates 
removed 
N=491 



Potential eligible articles 
scanned for full-text version 
N=19 



Articles included in 
qualitative synthesis 
N=ll 



Articles included in 
qualitative synthesis 
( meta-analysis ) 
N=ll 



Studies excluded N=158 

Duplicates N=158 



Studies excluded 



N=472 



Not relevant to question N=472 



Studies excluded 




=8 


Reviews 


N= 


=5 


Meta-analysis 




=1 


No complete data 




=1 


No comparison 


N= 


=1 



Figure 1. The PRISMA flowchart of literature review. 

doi:1 0.1 371 /journal.pone.01 04274.g001 
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factors: patient selection, comparability of the study groups and 
assessment of outcomes. A score of 0-9 was allocated to each 
study. In general, 7 studies were considered to be of high quality 
by achieving a score of ^6. The scores of those studies are also 
presented in Table 1. Results from the meta-analysis with regard 
to intraoperative outcomes, postoperative outcomes, and onco- 
logic safety are summarized in Table 2. 

Pooled Analysis 

Intraoperative Outcomes 

AU the eleven studies reported data on operative time, and when 
a random-effects model was used, the meta-analysis showed that the 
use of minimally invasive procedures brings longer operative time 
(MD 105 min, 95% CI 49.73 to 160.26 min, p<0.001, I^ = 93%). 
Estimated blood loss was reported in ten studies ' which 
included 746 patients. The meta-analysis showed that MIPD gives a 
reduction in intraoperative estimated blood loss (MD —361.93 ml, 
95% CI -519.22 to -204.63 ml, p<0.001, 1^ = 94%) 

Postoperative Outcomes 

27 33 34, 35 

Nine studies ' ' representing 746 patients reported 
overall complications, and the meta-analysis showed th(;r(; was no 
statistical difference between MIPD and OPD (OR 0.73, 95% CI 
0.53 to 1.00, p = 0.05, f = 10%). Six studies^''' showed 
that MIPD has fewer wound infections (OR 0.41, 95% CI 0.22 to 
0.78, p = 0.007, 1^ = 0%). The meta-analysis of ten studies 
including 802 patients indicated that there was no significant 
statistical difference between MIPD and OPD in the incidence of 
neither overall pancreatic fistula (OR 0.96, 95% CI 0.65 to 1.44, 
p = 0.86, I^ = 0%) (Fig. 2) nor overall delayed gastric emptying 
(OR 0.99, 95% CI 0.62 to 1.56, p = 0.96, I^ = 0%). Besides, when 
dividing PF&DGE into 3 subgroups of Grade A, B, and C, 
according to the guidelines of ISGPF& ISGPS^'' respectively, 
there was still no statistical diflTcrcnce between MIPD and OPD. 
Eight studies ' ' ' ■ representing 72 1 patients reported the- 
incidence of reoperation, the meta-analysis showed there was no 
statistical difference between the two procedures (OR 0.63, 95% 
CI 0.34 to 1.19, p = 0.16, 1^ = 0%). The meta-analysis of seven 
studies^'" including 582 patients showed there was no 

statistical difference in mortality (OR 0.82, 95% CI 0.37 to 1.85, 
p = 0.64, I^ = 0%). Length of stay was shorter by 2.64 days for the 
MIPD group, and the difference was statistically significant (MD 
-2.64 d, 95% CI -4.23 to -1.05 d, p = 0.001, 1^ = 78%) 
(Fig. 3). 

Oncologic Outcomes 

The number of retrieved lymph nodes was mentioned in 7 
studies^'"^^' representing 612 patients. The meta- 

analysis showed there was no significant statistical difference 
between MIPD and OPD (MD 1.15, 95% CI -2.02 to 4.32, 

p = 0.48, 1^ = 83%). As to the rate of positive surgical margins, 
which mean they were not RO resections, the meta-analysis 
showed there was no statistical difference (OR 0.57, 95% CI 0.31 
to 1.04, p = 0.07, 1^ = 40%). (Fig. 4) 

Sensitivity Analysis 

The sensitivity analysis included the following: (1) NRA: 6 
studies which did not use robot; (2) RA: 5 studies which used 
robot; (3) HQ: 7 studies of high quality (with quality score of 6 or 
more using the modified Newcastle-Ottawa scale); and (4) large 
sample size (LSS): 4 studies with at least 30 patients in each 
procedure. Results from sensitivity analysis were summarized in 
Table 3. 



NRA subgroup 

When only studies without robot were analyzed, it comes out 
that there was no statistical difference in length of stay (MD — 
1.85 d, 95% CI, -3.80 to 0.11 d, P = 0.06, 1^ = 84%) and wound 
infection (OR 0.47, 95% CI 0.19 to 1.13, p = 0.09, I^ = 0%). The 
heterogeneity of length of stay increased a little. The rest of the 
outcomes were consistent with the overall analysis. Heterogeneity 
of estimated blood loss and overall complications increased, while 
it reduced in retrieved lymph nodes. 

RA subgroup 

When only studies with robot were analyzed, it comes out that 
there was no statistical difference in operative time (MD 
100.71 min, 95% CI -35.12 to 236.54 min, p = 0.15, 1^ = 96%), 
and there was an increase in the degree of heterogeneity. There 
were not enough studies referred to the three grades of delayed 
gastric emptying, so no meta-analysis was carried out. The rest of 
the outcomes were consistent with the overall analysis. And except 
for oncologic outcomes, the heterogeneity reduced. Though the 
heterogeneity of positive surgical margins increased significandy 
(I^ = 5 1 %), no difference was found when a random-effects model 
was used (p = 0.54). 

HQ subgroup 

7 studies were considered to be of high quality by achieving a 
score of S6. Difference in operative time became nonsignificant 
(MD 77.03 min, 95% CI -5.14 to 159.21 min, p = 0.07, 
I^ = 95%). Complications were fewer in the MIPD group (OR 
0.62, 95% CI 0.42 to 0.92, p = 0.02, I^ = 0%). The other variables 
remained similar to the original MIPD versus OPD analysis. 
Heterogeneity of operative time, Grade A of pancreatic fistula, 
length of stay, and retrieved lymph nodes increased a little, while 
heterogeneity of estimated blood loss reduced. Although the 
heterogeneity of positive surgical margins increased significandy 
(I^ = 58%), no difference was found when a random-effects model 
was used (p = 0.39). 

LSS subgroup 

Four studies with more than 30 patients in each procedure were 
also compared. No statistical difference was found in operative 
time (MD 84.06 min, 95% CI -27.20 to 195.32 min, p = 0.14, 
I^ = 97%) and the rate of wound infection (OR 0.44, 95% CI 0.19 
to 1.00, p = 0.05, I^ = 0%), while complications were fewer in the 
MIPD group (OR 0.62, 95% CI 0.42 to 0.92, p = 0.02, 1^ = 0%). 
For there was only one study which mentioned Grade A&C 
delayed gastric emptying, no meta-analysis was carried out. 
Besides, the meta-analyses showed MIPD has an advantage over 
OPD in oncologic outcomes, including both retrieved lymph 
nodes (MD 4.5, 95% CI 1.12 to 7.89, p = 0.009, 1^ = 73%,) and 
positive surgical margins (OR 0.27, 95% CI 0.10 to 0.73, p = 0.01, 
1^ = 0%). The remaining results were similar to the original 
analysis. Heterogeneity of operative time and length of stay 
increased a little, while heterogeneity of estimated blood loss, 
overall complications, and oncologic outcomes reduced. 

Publication bias 

The funnel plot of this study based on overall complications is 
shown in Figure 5. AU studies lay inside the limits of the 95% CIs 

and distributed evenly about the vertical, showing no evidence of 
publication bias. 
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Study or Subgroup 



MIPD 
Events Total 



OPD 

Events Total Weight 



Odds Ratio 
M-H. Fixed. 95% CI 



Odds Ratio 
IVI-H. Fixed. 95% CI 



4.1.1 No robot-assisted 



Asbun HJ at al. 


7 


53 


29 


215 


20.5% 


0.98 [0.40, 2.37] 


Cho A et al. 


2 


15 


2 


15 


3.6% 


1.00 [0.12,8.21] 


Mesleh MG et al. 


3 


75 


3 


48 


7.2% 




T. Kuroki et al. 


9 


20 


12 


31 


1 0.6% 


1.30 [0.41, 4.05] 


Zureikat AH etal. 


5 


14 


6 


14 


7.9% 


0 74 rO 16 3 391 


Subtotal (95% CI) 




177 




323 


49.8% 


0.96 [0.54, 1 .69] 


Total events 


26 




52 








Heterogeneity: Chi^ = 0.64, df = 4 (P = 0.96); 


|2 = 


0% 






Test for overall effect: Z = 


0.15 (P 


= 0.88) 










4.1.2 Robot-assisted 














Bao PQ et al. 


8 


28 


10 


28 


14.7% 


0.72 [0.23, 2.22] 


Buchs NC et al. 


8 


44 


8 


39 


14.3% 


0.86 [0.29, 2.56] 


Chalikonda S et al. 


3 


30 


5 


30 


9.2% 


0 56 rO 12 2 571 


Lai EC et al. 


7 


20 


12 


67 


7.4% 


2 47 rO 81 7 501 


Zhou NX etal. 


2 


8 


3 


8 


4.6% 


0.56 [0.06, 4.76] 


Subtotal (95% CI) 




130 




172 


50.2% 


0.97 [0.55, 1.71] 


Total events 


28 




38 








Heterogeneity: Chi^ = 3.80, df = 4 (P = 0.43); 


P = 


0% 






Test for overall effect: Z = 


0.10 (P 


= 0.92) 










Total (95% CI) 




307 




495 


100.0% 


0.96 [0.65, 1.44] 


Total events 


54 




90 








Heterogeneity: Chi^ = 4.44, df = 9 (P = 0.88); 


F = 


0% 






Test for overall effect: Z = 


0.18 (P 


= 0.86) 











0.05 0.2 1 5 20 

Favours MIPD Favours OPD 



Figure 2. Pooled meta-analysis of pancreatic fistula, comparing MIPD with OPD. 
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Study or Subgroup 



MIPD 
Mean SD Total 



OPD 

Mean SD 



Total Weight 



Mean Difference 
IV. Random. 95% CI 



Mean Difference 
IV. Random. 95% CI 



17.1.1 No robot-assisted 



Asbun HJ et al. 


8 3.2 53 


12.4 


8.5 


215 


13.7% 


-4.40 [-5.83, -2.97] 


Cho A etal. 


16.4 3.7 15 


15.6 


1.3 


15 


12.4% 


0.80 [-1.18, 2.78] 


Li Y et al. 


13 3.5 20 


16.3 


3.9 


47 


12.6% 


-3.30 [-5.20, -1 .40] 


Mesleh MG et al. 


7 2.6 75 


8 


2,8 


48 


14.5% 


-1.00 [-1.99, -0.01] 


Zureikat AH etal. 


8 8.5 14 


8.5 


3 


14 


6.5% 


-0.50 [-5.22, 4.22] 


Subtotal (95% CI) 


177 






339 


59.7% 


-1.85 [-3.80, 0.11] 


Heterogeneity: Tau^ = 


3.80; Chi= = 24.54, df 


= 4(P 


< 0.0001); l= = 


= 84% 




Test for overall effect: Z = 1 .85 (P = 0.06) 












17.1.2 Robot-assisted 












Bao PQ et al. 


7.4 4.6 28 


8.1 


3.7 


28 


11.9% 


-0.70 [-2.89, 1.49] 


Buchs NC et al. 


13 7.5 44 


14.6 


9.5 


39 


8.4% 


-1.60 [-5.31, 2.11] 
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Figure 3. Pooled meta-analysis of length of stay, comparing MIPD with OPD. 

doi:1 0.1 371/journal.pone.01 04274.g003 
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Figure 4. Pooled meta-analysis of positive surgical margins, comparing MIPD with OPD. 

doi:1 0.1 371/journal.pone.01 04274.g004 



Discussion 

Sumnnary of Evidence 

The evolution of minimally invasive approaches represents one 
of the most significant advances in the field of general surgery. TiU 
now, it has proved to be beneficial to patients in terms of 
postoperative recovery, reduction of complications and hospital 
stay [1-5] on various occasions. With the maturation of surgeons' 
laparoscopic skills and advances in technology, including surgical 
robotics, it becomes possible in complex operations. As a new 
progression strategy, MfPD for pancreatic surgery is still in its 
early stages, and information regarding the comparison of using 
minimally invasive procedures over conventional OPD is rare. In 
the present study, a deliberate evaluation and meta-analysis using 
the largest available dataset of pubhshed studies were made. 
Gumbs AA [19] reported the rate of conversion to an open 
procedure was 9% after reviewing 285 published cases of MIPD. 
In line with it, the mean rate of the eleven studies was about 9.5%. 
The results demonstrated that MIPD was associated with a 
reduction in estimated blood loss, wound infection, and a shorter 
hospital stay. However, the use of minimally invasive procedures 
brings longer operative time. There were no significant differences 
between the two procedures in the likelihood of the overall 
complications, pancreatic fistula, delayed gastric emptying, reop- 
eration, mortality, and oncologic outcomes. The findings of 
sensitivity and subgroup analysis are in most cases consistent with 
the pooled analysis, implying the credibility of our results. 

Operative time was shown to be longer in MIPD in the pooled 
analysis. This is often attributed to the complexity of the 
procedure, including difTiculties in access and exposure of the 
pancreas, hemorrhage control from major vasculature, particular- 
ly the reconstruction of a technically demanding reconstruction of 



the biliary and pancreatic remnants. But because of surgical 
robotics, it may make it possible to reduce the time. As expected, 
there was no statistical difference in the RA subgroup between 
MIPD&OPD, while it was statistically longer in the NRA 
subgroup. Considering the factor of experience, surgeons who 
performed more MIPD may be more skilled, the outcome from 
the large sample size subgroup is well explained. So we can see 
Buchs N C et al [36] reported that the time they spent on MIPD 
(444±93.5 min) was less than that on OPD (559± 135 min). 
However, we can still find there's a trend that MIPD may cost 
longer operative time in all the four subgroups because the 
surgeons are not experienced enough. 

Intraoperative blood loss was proved to be lower in the pooled 
analysis and all the four subgroups. This is often attributed to the 
magnified view afforded by laparoscopy which enhances the 
surgeon's view of the structures surrounding the specimen, 
allowing precise dissection along appropriate planes. But it also 
needs to be noticed that during preoperative assessment, those 
with expected bleeding or vascular involvement were direcdy 
decided to receive an open PD by the surgeons. It obviously led to 
selection bias, because these patients were expected with more 
blood loss. However, hemorrhage control during MIPD is 
extremely important or it may lead to massive bleeding. And 
blood loss during MIPD will obscure the view of laparoscopy, so 
the surgeon must perform a more careful dissection. 

Overall complications should be investigated and reported out 
past the standard inpatient or 30-day hospitalization, which all the 
included studies didn't follow. Besides, it's hard for clinicians to 
observe and record all complications by the same criteria after 
such a complex operation. What's more, patients' characteristics, 
especially their ASA score, chronic pancreatitis and pancreatic 
trauma, have high influences on postoperative complications, but 
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Table 3. Comparison of MIPD Versus OPD (Sensitivity Analysis). 





Outcome of interest 


Studies, n 


Patients, n 


OR/MD 


95% CI 


P value 


Heterogeneity Test 














P value 


1^ 


Analysis of NRA subgroup 


Intraoperative outcomes 


Operative time,min 


6 


567 


1 1 9.46 


(77.61, 161.30) 


<0.001 


<0.001 


82% 


Estimated blood loss, mL 


5 


444 


-451.62 


(-867.47, -35.77) 


0.03 


<0.001 


96% 


Postoperative outcomes 


Morbidity, (%) 


5 


516 


0.8 


(0.53, 1.19) 


0.27 


0.27 


22% 


Wound infection, n 


2 


298 


0.47 


(0.19, 1.13) 


0.09 


0.8 


0% 


Overall pancreatic fistula, n 


5 


500 


0.96 


(0.54, 1.69) 


0.88 


0.96 


0% 


Grade A 


3 


347 


1.09 


(0.50, 2.35) 


0.83 


0.84 


0% 


Grade B 


3 


349 


1.06 


(0.35, 3.18) 


0.92 


0.82 


0% 


Grade C 


3 


326 


0.83 


(0.26, 2.61) 


0.75 


0.6 


0% 


Overall delayed gastric emptying, n 


6 


567 


1.11 


(0.65, 1.90) 


0.7 


0.51 


0% 


Grade A 


3 


386 


0.82 


(0.31, 2.19) 


0.69 


0.49 


0% 


Grade B 


3 


386 


0.74 


(0.26, 2.09) 


0.57 


0.81 


0% 


Grade C 


3 


365 


1.23 


(0.41, 3.71) 


0.71 


0.8 


0% 


Reoperation, n 


3 


419 


0.79 


(0.27, 2.32) 


0.67 


0.63 


0% 


Mortality, (%) 


3 


363 


0.77 


(0.27, 2.21) 


0.63 


0.66 


0% 


Length of stay, d 


5 


516 


-1.85 


(-3.80, 0.11) 


0.06 


<0.001 


84% 


Oncologic outcomes 


Retrieved lymph nodes, n 


3 


326 


1.86 


(-3.86, 7.59) 


0.52 


0.009 


79% 


Positive surgical margins,n 


2 


204 


0.27 


(0.07, 1.05) 


0.06 


0.93 


0% 


Analysis of RA subgroup 


Intraoperative outcomes 


Operative time,min 


5 


302 


100.71 


(-35.12, 236.54) 


0.15 


<0.001 


96% 


Estimated blood loss, mL 


5 


444 


-287.51 


(-454.84, -120.18) 


<0.001 


<0.001 


91% 


Postoperative outcomes 


Morbidity (%) 


4 


246 


0.62 


(0.36, 1.06) 


0.08 


0.35 


8% 


Wound Infection, n 


4 


286 


0.35 


(0.14, 0.90) 


0.03 


0.64 


0% 


Overall pancreatic fistula, n 


5 


302 


0.97 


(0.55, 1.71) 


0.92 


0.43 


0% 


Grade A 


2 


139 


0.58 


(0.20, 1.74) 


0.34 


0.74 


0% 


Grade B 


3 


199 


0.96 


(0.32, 2.89) 


0.95 


0.54 


0% 


Grade C 


3 


199 


0.82 


(0.27, 2.55) 


0.73 


0.67 


0% 


Overall delayed gastric emptying, n 


5 


302 


0.71 


(0.28, 1.76) 


0.45 


0.73 


0% 


Grade A 


0 


0 


/ 


/ 


/ 


/ 


/ 


Grade B 


1 


60 


/ 


/ 


/ 


/ 


/ 


Grade C 


0 


0 


/ 


/ 


/ 


/ 


/ 


Reoperation, n 


5 


302 


0.56 


(0.26, 1.22) 


0.15 


0.51 


0% 


Mortality, (%) 


4 


219 


0.92 


(0.25, 3.30) 


0.89 


0.79 


0% 


Length of stay, d 


5 


302 


-4.29 


(-7.58, -1.00) 


0.01 


0.003 


75% 


Oncologic outcomes 


Retrieved lymph nodes, n 


4 


286 


1.15 


(-3.32, 4.59) 


0.75 


<0.001 


85% 


Positive surgical margins,n 


5 


247 


0.75 


(0.38, 1.51) 


0.42 


0.09 


51% 


Analysis of HQ subgroup 


Intraoperative outcomes 


Operative tlme,min 


7 


635 


77.03 


(-5.14, 159.21) 


0.07 


<0.001 


95% 


Estimated blood loss, mL 


7 


635 


-493.46 


(-735.81, -251.12) 


<0.001 


<0.001 


92% 


Postoperative outcomes 


Morbidity, (%) 


5 


528 


0.62 


(0.42, 0.92) 


0.02 


0.76 


0% 
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Table 3. Cont. 





Outcome of Interest 


Studies, n 


Patients, n 


OR/MD 


95% CI 


P value 


Heterogeneity Test 


















Wound infection, n 


6 


584 


0.41 


(0.22, 0.78) 


0.007 


0.86 


0% 


Overall pancreatic fistula, n 


7 


635 


1.04 


(0.67, 1.61) 


0.86 


0.72 


0% 


Grade A 


3 


402 


0.97 


(0.46, 2.05) 


0.93 


0.71 


0% 


Grade B 


6 


548 


1.01 


(0.46, 2.20) 


0.98 


0.89 


0% 


Grade C 


5 


497 


0.89 


(0.39, 2.05) 


0.78 


0.84 


0% 


Overall delayed gastric emptying, n 


7 


635 


0.89 


(0.49, 1.63) 


0.71 


0.89 


0% 


Grade A 


2 


319 


0.62 


(0.16, 2.39) 


0.49 


0.27 


17% 


Grade B 


3 


379 


0.94 


(0.28, 3.14) 


0.92 


0.92 


0% 


Grade C 


2 


298 


1.32 


(0.41, 4.29) 


0.64 


0.56 


0% 


Reoperation, n 


5 


554 


0.57 


(0.28, 1.16) 


0.12 


0.54 


0% 


Mortality, (%) 


4 


471 


0.8 


(0.32, 2.01) 


0.63 


0.83 


0% 


Length of stay, d 


6 


584 


-2.86 


(-5.39, -0.33) 


0.03 


<0.001 


83% 


Oncologic outcomes 


Retrieved lymph nodes, n 


6 


584 


1.38 


(-2.13, 4.89) 


0.44 


<0.001 


85% 


Positive surgical margins,n 


5 


413 


0.61 


(0.32, 1.13) 


0.12 


0.05 


58% 


Analysis of LSS subgroup 


Intraoperative outcomes 


Operative time,min 


4 


534 


84.06 


(-27.20, 195.32) 


0.14 


<0.001 


97% 


Estimated blood loss, mL 


3 


411 


-546.47 


(-87487, -218.08) 


0.001 


<0.001 


86% 


Postoperative outcomes 


Morbidity, (%) 


4 


534 


0.62 


(0.42, 0.92) 


0.02 


0.61 


0% 


Wound infection, n 


3 


411 


0.44 


(0.19, 1.00) 


0.05 


0.57 


0% 


Overall pancreatic fistula, n 


4 


534 


0.82 


(0.45, 1.48) 


0.51 


0.92 


0% 


Grade A 


2 


351 


0.77 


(0.30, 2.00) 


0.6 


0.81 


0% 


Grade B 


3 


411 


1.08 


(0.32, 3.69) 


0.9 


0.57 


0% 


Grade C 


3 


411 


0.85 


(0.31, 2.30) 


0.74 


0.71 


0% 


Overall delayed gastric emptying, n 


4 


534 


1.02 


(0.53, 1.96) 


0.96 


0.69 


0% 


Grade A 


1 


268 


/ 


/ 


/ 


/ 


/ 


Grade B 


2 


328 


0.84 


(0.22, 3.25) 


0.81 


0.89 


0% 


Grade C 


1 


268 


/ 


/ 


/ 


/ 


/ 


Reoperation, n 


54 


534 


0.51 


(0.23, 1.12) 


0.09 


0.62 


0% 


Mortality (%) 


2 


328 


0.78 


(0.26, 2.34) 


0.65 


0.36 


0% 


Length of stay, d 


4 


534 


-2.64 


(-4.79, -0.49) 


0.02 


0.001 


81% 


Oncologic outcomes 


Retrieved lymph nodes, n 


3 


411 


4.5 


(1.12, 7.89) 


0.009 


0.02 


73% 


Positive surgical margins,n 


3 


300 


0.27 


(0.10, 0.73) 


0.01 


0.65 


0% 
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they were not well matched in these studies. Therefore, the real 
result of overall complications needs more data or studies to be 
evaluated. 

Considering no RCT was available and information about 
definitions of wound infection, as well as antibiotics used in the 
perioperative period were not mentioned in most of the eleven 
studies, this question remains to be research. 

The most severe complications of pancreaticoduodenectomy 
are pancreatic fistula and delayed gastric emptying, which have a 
close relationship with postoperative recovery and mortality. Our 
meta-analyses showed there were no statistical differences in 
neither overall pancreatic fistula and its three grades nor delayed 



gastric emptying and its three grades. And there was no difference 
in mortality and rate of reoperation. These indeed proved the 
safety of MIPD. However, considering definitions of PF&DGE 
were not mentioned in some included studies (Table 1) and most 
of the cases didn't mention the softness of the pancreas and the 
diameter of the main pancreatic duct, which are tightly related to 
PF [40,41], there might be flaws in our analyses. 

Our meta-analysis showed MIPD has a shorter length of stay. 
But it varies a lot inside the MIPD group as well as inside the OPD 
group. We think it may have been related to local preferences and 
different health care systems. A short hospital stay theoretically can 
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Figure 5. Funnel plot of overall complications in included studies, showing no publication bias. 

doi:10.1371/journal.pone.0104274.g005 



decrease the pain of the patients and cost of the whole treatment, 
and therefore brings lots of benefits. 

Considering that patients received pancreaticoduodenectomy 
were in most cases because of malignant tumors, comparison of 
oncologic safety between MIPD and OPD became important. In 
our pooled and sensitivity analyses, oncologic outcomes were not 
statistically different except in the large sample size subgroup, 
which showed either the number of retrieved lymph nodes or rate 
of RO resection, was better in MIPD. But either the pooled or 
sensitive studies showed the trend that MIPD had better oncologic 
outcomes. However, the number of retrieved lymph nodes and 
rate of RO resection can just speculate it indirectly; besides, long- 
term oncologic outcomes were not addressed in these referred 
studies. We need more long-term researches to answer this 
question. 



on patients with larger and more advanced tumors, and most 
studies didn't mention how control groups were selected. So the 
included patients were not well matched in age, gender, BMI, 
ASA scores and so on. But as RCT similar to this meta-analysis is 
vmattainable because of ethical problems, the outcomes from non- 
RCT would be valuable. Furthermore, we have no convincing 
evidence that the number of lymph nodes retrieved during a 
pancreaticoduodenectomy is associated with significant end-point 
outcome and in particular long term survival. So we need more 
researches in this field. StiU, only one study [30] mentioned the 
cost and it showed LPD was associated with equivalent overall cost 
compared with OPD. Obviously there should be more studies to 
prove it. Ultimately, the analysis included only eleven studies. The 
sample size of this study was not large enough, and the results 
require confirmation in further high-quality trials. 



Limitations 

The strength of this review lies in that it provides a 
comprehensive comparison of MIPD with OPD. To our 
knowledge, this meta-analysis is the first to expound this important 
issue in different subgroups. This meta-analysis has some 
limitations that must be taken into account. The strengths and 
limitations of meta-analytical techniques have been a source of 
considerable debate. Besides, there were no RCT contained in the 
meta-analysis, and the calculated results from such trials may have 
many biases. For example, surgeons may avoid using laparoscopy 



Conclusions 

Because of the advantages in intraoperative blood loss, wound 
complications, and length of stay, MIPD is worthwhile. However, 
considering the selection bias, the complexity of MIPD and lack of 
long-term oncologic outcomes, we suggest it be performed in a 
high-volume pancreatic surgery center in patients with light 
pancreatitis or small cancers distant from the major vessels. 
Further studies which control for biases and discuss the benefits 
and negatives of these procedures are needed. 
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